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4. Fresh normal serum is highly bactericidal for typhoid bacilli in 
vitro. 

5. Fresh immune serum in vivo, has apparently a high bactericidal 
power. 

6. Fresh normal serum in vivo has no protective power. 

This would seem to indicate that the destruction of typhoid bacilli 
in the immune animal is due either to some interaction between the 
tissue cells and plasma in vivo, or to some other factor which has thus 
far been overlooked. The theory proposed by Teague, namely, that 
immunization causes a rapid filtering out of the immune bodies in the 
capillaries into the tissues, seems plausible were it not for the fact that 
the organs of highly immune animals exert no bactericidal action on 
living typhoid bacilli. Further work on this subject may lead to more 
definite conclusions than can here be given. 



EXPERIMENTAL STREPTOCOCCIC TONSILLITIS 

THE APPARENT INEFFICACY OF STREPTOCOCCIC 
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It has long been recognized that acute tonsillitis is of bacterial 
origin and infectious nature. Even as early as 1895, Fraenkel and 
Macintyre 1 called attention to this fact and, in the same year, Sendziak 2 
noted the frequency of streptococci, staphylococci and corynebacteria 
in tonsillar cultures, taken in situ. Davis, 3 in a series of cultures from 
the extirpated tonsils of 113 cases, found virulent hemolytic strepto- 
cocci to be, as a rule, the predominant organism and observed that 
pneumococci were encountered more frequently on the surface of the 
tonsil, whereas streptococci occurred more commonly in the lacunae. 
The same author, in another work, 4 described the actinomyces-like 
granules in the crypts of the tonsils and mentioned the occurrence 
of nonpathogenic, anaerobic, fusiform bacilli, streptococci and spirilla 
in them. More recently, Pilot and Davis 5 isolated both hemolytic 
streptococcus and S. viridans from these granules. The green strains 
showed marked anaerobic tendencies, while the hemolytic did not. 
According to the classification of Holman, 6 the hemolytic streptococci 
corresponded to S. pyogenes and S. anginosus and the viridans to 
S. mitis and S. salivarius. Holman encountered these four varieties 
most frequently in the nose and throat. The weight of evidence, both 
clinical and cultural, points to the causative organisms of acute tonsil- 
litis as being streptococci or, in the minority of cases, staphylococci and 
the mode of dissemination to be either direct or nearly direct contact. 
Other factors, of course, such as age, climatic conditions and resistance- 
lowering processes may play a predisposing role. 
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Inoculations of living organisms into the nasopharynx have been 
made on the human subject by several observers. Usually viable cul- 
tures of Staphylococcus aureus were sprayed into the nares and 
throats of B. diphtheriae carriers. Page 7 treated seven cases in this 
way with no untoward results. Catlin, Scott and Day 3 encountered 
no cases of tonsillitis in eight instances. Lorenz and Ravenel 9 reported 
one very mild case of laryngitis following the instillation of staphylo- 
cocci in a series of seventeen cases, while Alden, 10 in sixteen cases, 
noted "sore throat" in two and pharyngitis in one. Similarly, Davis 11 
recounts the development of tonsillitis 26 hours after the introduction 
of staphylococci into the nasopharynx of a carrier of B. diphtheriae. 
This extremely low percentage of tonsillitis cases following such pro- 
cedure is very interesting and may be attributed, in part, to the attenua- 
tion of the cultures employed. 

I have not found any account of experimental throat infections 
in man due to the use of secretions from the upper respiratory passages 
of the sick. 

The present report deals with the occurrence of sixteen cases of 
tonsillitis, due to infection with secretions from the sick, which 
developed during the course of some experiments on human volun- 
teers, conducted by medical officers of the U. S. Navy and U. S. Public 
Health Service, in an attempt to ascertain, if possible, the mode of 
dissemination and cause of influenza. 

These experiments were three in number. The first two took place 
simultaneously at San Francisco and Boston during November and 
December, 1918, the third at Boston during February and March, 1919. 

A detailed account of these researches will be published in a forth- 
coming bulletin of the Hygienic Laboratory, U. S. Public Health 
Service. It is not the purpose of this communication to discuss the 
results of these investigations from the standpoint of influenza, but to 
emphasize the production of tonsillitis in 16 of the volunteers. For this 
reason, only the methods and data pertinent to the subject at hand will 
be indicated. 

All of the 155 volunteers were from the enlisted personnel of the U. S. Navy. 
Their ages ranged from IS to 36 years, the average being, approximately, 20 
years. Save for the occasional incidence of hypertrophic tonsils, the men were 

' Arch. Int. Med., 1911, 7, p. 16. 

8 Jour. Am. Med. Assn., 1911, 57, p. 1452. 

9 Jour. Am. Med. Assn., 1912, 59, p. 692. 

10 Jour. Am. Med. Assn., 1913, 60, p. 1876. 

11 Jour. Am. Med. Assn., 1913, 61, p. 393. 
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in excellent condition. The histories revealed the fact that they had enjoyed 
good health, some never having been ill. Less than 10% of them had experi- 
enced repeated attacks of tonsillitis and none had suffered from "sore throat" 
for several weeks before the experiments began. 

The essential differences between the three groups were that the one at 
San Francisco had been under absolute quarantine since Sept. 23, 1918, while the 
Boston contingents had experienced a contact with influenza patients which 
varied from practically no exposure to the disease during the recent pandemic 
to the most intimate association with it. There were no cases of influenza on 
the San Francisco station until Dec. 6, 1918, sixteen days after the quarantine 
had been removed. For purposes of experimentation, therefore, the San Fran- 
cisco group would have been ideal were it not for the fact that, on Oct. 12, 15, 
and 18, 1918 — approximately a month before the experiments were inaugurated — 
the entire personnel had been given a vaccine of which one mil contained : 

B. influenzae 5 billion 

Pneumococcus (type I) 3 billion 

Pneumococcus (type II) 3 billion 

Pneumococcus (type III) 1 billion 

Streptococcus hemolyticus 100 million 

The doses were 0.5, 0.8 and 1.0 mil, respectively. The inoculation produced 
a certain degree of local reaction along with headache, generalized pains and a 
slight increase in temperature. These were most marked after the second infec- 
tion, but never persisted longer than 48 hours. An account of this procedure 
has been reported by Minaker and Irvine. 12 

Summary of Data Obtained in the Study of Experimental Streptococcic Tonsillitis 
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From the table it can be seen that 155 men were utilized in the 
three experiments. On these men 226 inoculations were made, of 
which 124 consisted in the transference of crude nasopharyngeal 
washings and bronchial secretions from certain individuals presumably 
ill of influenza into the noses and throats of 86 different men. Sixteen 
of these men developed tonsillitis. Only two of them showed hyper- 
trophic tonsils before inoculation. No volunteer receiving filtered 
secretions showed a subsequent throat condition. 

12 Jour. Am. Med. Assn., 1919, 72, p. 847. 
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In the first Boston experiments tonsillitis occurred in only one of 
the forty-nine (2%) volunteers receiving crude secretions. In the 
second series of experiments at Boston, 12 of sixty-one (19.6%) 
became ill of this disease. Six of these 12 cases occurred in one squad 
where, in an endeavor to obtain an extremely early case of influenza, 
nasopharyngeal washings and bronchial secretions were procured from 
an individual who was suspected to be developing influenza, but who 
later proved to have tonsillitis. If these were disregarded, it would 
leave 6 cases in 61 inoculations, or 9.8% for this group. In the San 
Francisco experiments, tonsillitis occurred in 3 of 14 men (21.4%) 
into whose noses were instilled unfiltered nasopharyngeal washings 
and bronchial secretions. 

The cases of tonsillitis referred to in this report were clinically 
typical. All exhibited more or less purulent exudate in the crypts of 
one or both tonsils at some stage of their illness. They all made an 
uneventful recovery, except one man who developed a right-sided 
otitis media which proceeded to recovery. 

The incubation period was, in all but two instances, between 36 
and 72 hours. The two exceptions were encountered in the second 
Boston investigations, and the periods of incubation were 5 and 6 
days, respectively. The cases in a given group became ill within a 
few hours of each other, so that, even though the other members of 
the group were undergoing experimentation they were in contact with 
those developing the disease, the time element clearly indicated a 
common source of infection. 

In every case a hemolytic streptococcus was found to be the pre- 
dominating organism in the cultures taken from the tonsils in the 
early stages of illness, and it was noted that on the fresh, human 
blood-agar plate the colonies were very similar to those seen in the 
cultures from the donors of the respective groups. All corresponded 
to the "beta" type of Smith and Brown, 13 and Smillie. 14 No difficulty 
was occasioned in cultivating them, aerobically, on human blood agar 
(5%) and serum broth. Those cultures from donors and recipients 
which were transplanted to carbohydrate mediums fermented lactose 
and salicin with the formation of acid, corresponding to S. pyogenes 
in Holman's classification. 

•" Jour. Med. Research, 1914-15, 31, p. 455. 
" Jour. Infect. Dis., 1917, 20, p. 45. 
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By reverting to the table, it will be noted that the highest percentage 
of cases of tonsillitis occurred in the San Francisco experiments. As 
mentioned before, the volunteers in this group had received, one month 
previously, a vaccine, 1 mil of which contained, along with other 
organisms, 100 million hemolytic streptococci which had been isolated 
from the upper respiratory passages of two influenzal patients. In 
neither of the Boston series of experiments were any volunteers used 
who had been given vaccine. It is not intended that one deduce from 
this that the vaccine sensitized the recipients to subsequent strepto- 
coccic infection. 

Naturally, in this regard, several phases of the problems of vac- 
cinotherapy present themselves. The early endeavors of Pasteur and 
Koch have been amplified and given to the profession in a more con- 
crete form by Wright. 15 In the last decade of the 19th century von 
Behring and Knorr 16 found that rabbits immunized by a given strain 
of streptococci were protected against that strain. Since this time 
many investigations have been pursued to ascertain the efficacy of 
active and passive immunization against streptococci, both as prophy- 
lactic and therapeutic measures. As a rule, the experimental work 
has been carried out on rabbits, an animal known to be susceptible to 
this organism. Weaver 17 concluded that killed streptococci, injected 
into an animal, may raise its resistance to the living strain. Simonds, ls 
as well as Tunnicliff 19 have called attention to the effect of streptococci 
on the streptococco-opsonic index in scarlet fever — causing a positive 
phase after a primary negative phase. Moore 20 noted that the injection 
of a streptococcic vaccine protected many rabbits from arthritis when 
hemolytic strains of streptococci were used, the immunity lasting 40 
days. Clinically, the use of streptococcic vaccines can be summed up 
by the statement of Gay, 21 who, in a comprehensive review of the 
streptococcus problem, says that "streptococcus vaccines have not 
been used to any considerable extent as a means of protection against 
streptococcus infection." 

The early observers in the field of vaccinotherapy were insistent 
that vaccine be autogenous when employed as a curative agent. This, 

15 Lancet, 1902, 1, p. 651; 1907, 2, p. 493. 
18 Centralbl. f. Bakteriol., 1892, 12, p. 192. 

17 Tr. Assn. Am. Phys., 1910, 8, p. 223. 

18 Jour. Infect. Dis., 1907, 4, p. 595. 

19 Jour. Infect. Dis., 1907, 4, p. 304. 

20 Jour. Infect. Dis., 1914, 15, p. 215. 

21 Jour. Lab. and Clin. Med., 1918, 3, p. 722. 
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of course, is impossible when the vaccine is used as a prophylactic, but 
Rosenow 22 advocates utilization of organisms found in the upper 
respiratory passages of persons in a given community during a given 
outbreak. Mellon 23 thought that the best results were obtained from 
the use of streptococci of proved immunizing power. 

The organisms employed in this vaccine were killed by heating to 
56 C. for 1 hour and then mixing with 0.5% phenolized salt solution. 
As Wayson 24 indicates, the guiding principle for vaccines has been 
conservation of all the "immunogenic qualities" and the destruction 
of infectivity of the principles of the vaccine. There is some reason 
to believe that these "immunogenic qualities" are partially impaired by 
heating to 56 C. for an hour, as Weaver 17 reports better results with 
streptococci killed in strong galactose solutions at 35 C. and states that 
heating interferes with the antigenic properties of streptococci. How- 
ever, the heat killed method, plus a weak solution of phenol or tricresol, 
has proven efficient in the hands of numerous investigators and is the 
procedure generally chosen. 

The advocates of vaccinotherapy usually recommend beginning 
with small doses rather than large ones. Wright, himself, laid stress 
on the fact that the dosage should be sufficiently small to excite only a 
mild, local and constitutional reaction. Adami, 25 in discussing the 
basic factors governing the use of vaccines, emphasized this point. 
Simonds 18 showed, in his experimental work on rabbits, that relatively 
small doses of streptococci may cause a greater rise in the opsonic 
index than large doses. On the other hand, Cecil and Austin, 26 in 
their work at Camp Upton, with pneumococcal vaccine, observed that 
the degree of response to the vaccination appeared to be dependent on 
the total dosage of each type of pneumococci administered. Bough- 
ton 27 reports good results by using an initial dose of 100 million 
homologous, galactose-killed streptococci in local streptococcic compli- 
cations of scarlatina and erysipelas. Stitt 28 quotes Wilson as recom- 
mending from 6-68 million as the minimum and maximum doses for 
streptococcic vaccines. Kolmer 29 gives from 25-200 million per mil, 

22 Jour. Am. Med. Assn., 1919, 72, p. 31. 

23 Med. Record, 1915, 87, p. 809. 

24 Jour. Am. Med. Assn., 1917, 67, p. 267. 

25 Tr. Assn. Am. Phys., 1910, p. 211. 
28 Jour. Exper. Med., 1918, 28. p. 19. 

27 Jour. Infect. Dis., 1910, 7, p. 99. 

28 Practical Bacteriology, Blood Work, Parasitology, 1918, p. 214. 

29 Infection. Immunity and Specific Therapy, 1917, p. 223. 



